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negating much of the greenhouse forcing, a
possibility wholly consistent with present
uncertainties. Then the lemperature in­
crease over the industrial period, aboul 0.5
K for the global and annual average (5), if
due to these forcings at all, musr be due to
lhe rather slight residual, indicating a much
greater planctary temperature sensitivity
rhan if the aerosol forcing is SII1311. And if
remperature sensitivity is high, global
warming may accelerate sharply in the fu­
ture. Climate models do not help much to
narrow this uncertainty, as global and an­
nual mean temperature sensitivities of cur­
rcnt climate models vary by a factor of 3
(7). P;lleoclililare studies yield comparable
uncertainties (8).

The NRC panel report (I) provides a
dear and concise summary of the current
state of knowledge about aerosol forcing of
dimate, finally concurring in the !pec esti­

mates of forcing and un­
cert:linry. It then out­
lines a detailed and well­

tal thought-out plan of pro­
cess-related research and
satellite-based mcasure­
ments to n."<iuce the un·
cenaimy in aerosol forc­
ing w some ±15% glo­
bally and 1000011y, com­
parable to the unccr­
taimy in greenhouse gas
forcing.

Although we concur
in this objective, we are
concerned that the re­
port docs not ade­
quately convey a sense
of urgency in reaching
it. Without greatly nar­
rowing the uncenainty
in aerosol forcing, there
will cxist little observa­
tional basis for the na­
ture and magnitude of
climate response to in­
creasing concentrations
of greenhouse gases. We
wish rhe authors of the
NRC report had em-
phasized more strongly

that because of the vastly different resi­
dence times of greenhouse gases (decades to
centuries) and tropospheric aerosols (about
a week), negation of greenhouse forcing by
aerosol forcing means that forcing due 10

one week's emissions of aerosol precursors is
negating forcing due 10 declldes of paSt COl
emissions, whereas each week's co-emitrcd
COl is adding to an ever accumuhlting bur­
den of this greenhouse gas. Clenrly, the
longer we postpone getting the knowledge
of the aerosol forcing that is rcquirl-d to ad­
dress the policy implications of this realiza­
tion, the deeper the hole we are digging for

ted at 0.1 W 01-1 (6). The bar denoted
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Forcing lhe issue. Estimates of the globally and annually averaged
anthropogenic radiative forcing of climale due to (i) changes in con­
centrations of greenhouse gases and aerosols from preindustrial
times to Ihe present and (ii) natural changes in solar output from 1B5O
to the present (5). The bars denote a mid-range estimate for each
forcing (an upward bar denotes a positive forcing or warming influ·
ence: a downward bar, a cooling inlluenee); the I·beams show an es­
timate of the uncertainty range. Bar at right shows the total forcing as
the algebraic sum of the individual component forcings and the un­
certainly range for the total forcing as the sums of the upper and
lower ends afthe individual uncertainly ranges. The lower panel indio
cates the IPGG's subjective confidence that the actual forcing lies
wilhin the indicated uncertainty range.

governmental Panel on Climate Change
(IPCC) (5) of global lind annual mean nel­
diative forcing over the industrial period.
The cooling influence attributed ro straw­
spheric ozone is Htrributable mainly to a de­
crease in the concentration of this green­
housc gas. A slight warming influence is as­
crib...-.d to SOOt aerosols, which are efficienr
light absorbers. The IPCC gave no esrimate
for the indirect aerosol effect, only an un­
ceTtninty range. Not shown is forcing due to
dust aerosols, which has recently been esti­
rna

"Total," which we have add(.-d, is roughly
the same as that for rhe long-lived green­
house gases :llone.

The picture changes llwrkedly, however,
when rhe very large uncertilinties in current
estimates of aerosol forcing are considered.
If the magniwdc of aerosol forcing is at the
low end of the uncertainty range, aerosols
arc negating only a small fmction of the
greenhouse forcing. However, if the aerosol
forcing is at the high end of the uncertainty
range, aerosols could be negaring virtually
all of the present greenhouse forcing.

Let us suppose that <.lerosols arc in fact
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Uncertainty in Climate Change
Caused by Aerosols

The National Research Council (NRC)
recently issuoo a report "A Plan for a Re­
search Program on Aerosol Radi~(ivc Forc­
ing and Climate Change" (I) that uncler­
scores the importance of anthropogenic
aerosols as agents of climate change. Atmo­
spheric aerosols aTC suspensions of micro­
scopic and submicroscopic particles; in in­
dusn;ll! regions and over much of the
Northern Hemisphere, their sources are
dominated by human activity. Amhropo­
genic aerosols influence climate directly, by
scattering solar radiation, and indirectly, by
modifying cloud propcnics. Of all atmo­
spheric polluroots, aerosols arc the most
evidem because they restrict visibility aod
whiten the otherwise deep blue of the sky,
yet understanding of thcir inlhlence on cli­
mate change is beset with uncenainty. Al­
though the NRC report stresses rhe need to
reduce these uncertainties, in our vielY it
does not go far enough.

The climatic influence of aerosols is
complex. Lighr scanering by aerosols de­
creases peneulltion of solar radiation
through the atmosphere and absorption ar
the surface, thereby exerting a cooling in­
fluence. This scattering by aerosols can
readily be observed from aircraft as a whit­
ish veil over (he landscape. The presence of
anthropogenic aerosols is thought to have
roughly doubled the amount of light scat·
tered back into space by pmricles in the at­
mosphere (2). [n a<klition, increased aerosol
p<lrricle concenmuions, by increasing cloud
droplet concentrations, enhance cloud re­
flectivity and inhibit precipitation develop­
ment, causing clouds to persist longer and
resuiting in still more rellecrion of sunlight
(J). The decrease in absorption of solar ra­
diation due to anthropogenic aerosols, the
"forcing" of climate by these aerosols, is es­
timatl-d to be comparable, but of opposite
sign, [Q climate forcing rcsulting from in­
creased absorption of terresuial infrared ra·
diation by enhanced mmospheric conccntra­
tionsofCOl and orherpolyawmic molecules,
the anthropogenic "greenhouse" forcing (4).

This siwation is illusrrated in rhe figure,
which shows CUrtl':nt estimates by the lmer-

S. E. Schwanz ,s in lhe Environmental Chemistry Divi­
sion. Brookhaven National Lawalory. Upton. NY
11973. USA. E·mail: sesObnl gov
M. O. Andreae is in lho Deparrmenl of Biogeochemis·
try, Ma~ Planck Institule 01 Chemistry. 0-55020 Mainz.
Gefmany. E_mail: moa@dianO.mpch·mainz.mpg.de

judywms
Text Box
BNL-63211



ourselves with respect to the greenhouse ef­
fect and its potential repercussions on fu­
ture generations.

In our view, the NRC panel seriollsly
underestimates r.he research effort required
to reduce the uncertainty in aerosol forcing
to the specified level. The task of character­
izing tropospheric aerosols, their spatial and
temporal variability, their size-dependent
chemical and physical properties, and their
optical and cloud-nucleating effects; of un­
derstanding the processes controlling these
propcnies and effects; of representing these
processes in models; of evaluating the per­
formance of thesc models; and of represent­
ing these effects in climate models requires
a research effort several-fold greater than
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that outlined in the report. In the absence
of this research, knowledge of climate re­
sponse [Q greenhouse forcing necessary for
confident policymaking will be reliant en­
tirely on climate models having little cred­
ible empirical confirmation.
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